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Oil palm is currently cultivated on about 19 M ha (FAOSTAT, 2014) and palm oil 
represents more than one third of the global vegetable oil market (Rival and Levang, 
2014). Addition of nitrogen (N) via legume cover and fertilisers is a common practice in 
industrial oil palm plantations. A part of this N is prone to be transferred to the 
environment, which can lead to negative environmental impacts (Schmidt, 2010, Choo 
et al., 2011, Pardon et al., 2016a). In order to improve the sustainability of palm oil 
production, it is crucial to revisit the management practices in order to minimise N 
losses. Continuous field measurements would be prohibitively costly as a monitoring 
tool, and in the case of oil palm, available models do not account for all the potential N 
inputs and losses or management practices (Pardon et al., 2016b). 
 
In this context, we decided to develop IN-Palm, a model to help managers and scientists 
to estimate N losses to the environment and identify best management practices. The 
main challenge was to build such a model in a context of knowledge scarcity. Given these 
objectives and constraints, we reviewed in the literature the measurements and 
modelling of N fluxes and losses in oil palm, and we developed an agri-environmental 
indicator using the INDIGO® method (Bockstaller et al., 1997; Bockstaller and Girardin, 
2008). We used a decision tree modeling approach (Breiman, 1984) to design most of 
the indicator modules, combined with fuzzy logic (Zadeh, 2008). We performed a 
validation of the N leaching module of IN-Palm against field data from Sumatra, 
Indonesia. We also used IN-Palm to test theoretical management changes in residue and 
fertiliser management. 
 
IN-Palm is implemented in an Excel file and uses 21 readily available input variables in 
most of oil palm companies, to compute 17 modules. It estimates annual emissions and 
scores for each N loss pathway and provides recommendations to reduce N losses. IN-
Palm predictions of N leaching against measured data in Sumatra, Indonesia, were 
acceptable according to several statistics calculated, with a tendency to underestimate 
N leaching. We showed that IN-palm provided an efficient means of testing 
management scenarios in a given context, and identifying practices likely to reduce N 
losses. Therefore, our indicator constitutes a useful tool for managers and scientists to 
identify and study local management options to address global change. 
6th International Conference on Oil Palm and Environment (ICOPE), 25-27th April 2018, Bali, Indonesia 
 
Bockstaller, C., Girardin, P., van der Werf, H.M.G., 1997. Use of agro-ecological 
indicators for the evaluation of farming systems. Eur. J. Agron. 7, 261–270. 
doi:10.1016/S1161-0301(97)00041-5 
Bockstaller, C., Girardin, P., 2008. Mode de calcul des indicateurs agri-
environnementaux de la méthode INDIGO. Rapp. Tech. INRA. 
Breiman, L., 1984. Classification and regression trees, CRC press. ed. Wadsworth 
International Group. 
Choo, Y.M., Muhamad, H., Hashim, Z., Subramaniam, V., Puah, C.W., Tan, Y., 2011. 
Determination of GHG contributions by subsystems in the oil palm supply chain 
using the LCA approach. Int. J. Life Cycle Assess. 16, 669–681. 
doi:10.1007/s11367-011-0303-9 
FAOSTAT [WWW Document], 2014. URL http://www.fao.org/faostat/en/#data/QC 
(accessed 7.19.17).  
Pardon, L., Bessou, C., Nelson, P.N., Dubos, B., Ollivier, J., Marichal, R., Caliman, J.-P., 
Gabrielle, B., 2016a. Key unknowns in nitrogen budget for oil palm plantations. 
A review. Agron. Sustain. Dev. 36. doi:10.1007/s13593-016-0353-2 
Pardon, L., Bessou, C., Saint-Geours, N., Gabrielle, B., Khasanah, N., Caliman, J.-P., 
Nelson, P.N., 2016b. Quantifying nitrogen losses in oil palm plantations: models 
and challenges. Biogeosciences 13, 5433–5452. doi:10.5194/bg-13-5433-2016 
Rival, A., Levang, P., 2014. Palms of controversies: Oil palm and development challenges. 
CIFOR, Bogor, Indonesia. 
Schmidt, J.H., 2010. Comparative life cycle assessment of rapeseed oil and palm oil. Int. 
J. Life Cycle Assess. 15, 183–197. doi:10.1007/s11367-009-0142-0 
Zadeh, L.A., 2008. Is there a need for fuzzy logic? Inf. Sci. 178, 2751–2779. 
doi:10.1016/j.ins.2008.02.012 
